Abstract Albert J. Stunkard's influential career in obesity research spanned over 50 years and included several landmark studies on social factors related to obesity. This review discusses the important contributions Stunkard made to research on the relationship between socioeconomic status socioeconomic status and obesity, extensions of his work, and reflects on Stunkard's role in the mentoring of succeeding generations of scientists.
Introduction
The work of Albert (Mickey) J. Stunkard (1922 Stunkard ( -2014 continues to exert tremendous influence on obesity research across multiple scientific disciplines (Fig. 1 ). Stunkard contributed, and often led the way, in research on the psychology, biology, and sociology of obesity. His contributions include an early systematic review of the efficacy of obesity treatment from whence the common claim Bless than 5 % succeedd erives [1, 2] , the first description of binge eating disorder [3, 4] and development of its treatment [5, 6] , development of the widely used Three-Factor Eating Inventory [7] , the early use of twin and adoption studies to shed light on the relative contributions of nature and nurture to the development of obesity [8] , and perhaps the first demonstration of the now well-known but still vigorously researched association between socioeconomic status (SES) and obesity [9] .
In the USA, research on health disparities has often focused on differences between races and ethnicities, unlike European research on health disparities, which has a longer tradition of collecting and reporting on differences in health by social class [10] . Stunkard played a key role in promoting the scientific study of SES and its effects on health in the USA by demonstrating that the relationship between SES and obesity is not simply due to individual traits [11] . Although Stunkard's contributions are numerous, this review focuses on one aspect of his research legacy-the relationship between SES and obesity-his early research and use of innovative methods to disentangle the social from the biological. We conclude with a set of personal reflections by David Allison on the influence of Stunkard and why contemporary researchers will continue to This article is part of the Topical Collection on Psychological Issues benefit from Stunkard's Bbeginner's mind^in the complex world of obesity science.
The Pain of Obesity
Goldblatt, Moore, and Stunkard published the seminal article BSocial Factors in Obesity^ [9] 50 years ago (2015) , and the prevalence of overweight and obesity has dramatically increased in the USA since its publication. In 1960-1962, the age-adjusted prevalence of obesity and extreme obesity (body mass index; BMI (kg/m 2 ) ≥40) among adults was 13.4 and 0.9 %, respectively [12] . By 2011-2012, the prevalence of obesity and extreme obesity was 35 and 6.6 %, respectively-a 163 % increase in the prevalence of obesity and 633 % increase in extreme obesity. The increase in prevalence has been equally steep among children and adolescents. In 1971-1974, an estimated 6 % of adolescents in the USA (ages 12-19) were classified as obese, defined as the percentage of children with a BMI at or above their age and sex specific 95th percentile from the 2000 CDC growth charts [13] . By 2007-2008, the number of adolescents who were obese was 18 %-an increase of 200 %. Increasing obesity prevalence is a global concern as well, increasing worldwide by 27.5 % for adults and 47.1 % for children [14] .
The global increase in obesity prevalence is a public health challenge due to the associated health and mortality risks [15] [16] [17] 18 •], increased health care costs [19] , and greater number of persons likely to experience weight-related discrimination [20] [21] [22] . Indeed, Stunkard contributed to research on the stigmatization of obesity throughout his career, helping replicate a 1961 study of child preferences showing that renditions of obese youth were consistently least liked among drawings of children with various disabilities [23] . While bias against other types of disablement remained steady or declined relative to the 1961 study, bias against obese children increased [24] .
Recognizing that Bprejudice and discrimination plague the lives of the obese^ [25, p. 1141 ], Stunkard sought to understand the origins of weight discrimination by looking to history and other societies, and assisted in the development of new methods to measure weight stigma [26] . Though Stunkard's research on the stigmatization of obesity is not a focus of this review, his career-long interest in disentangling the effects of nature and nurture on the development of obesity helped combat obesity stigmatization by challenging the assumption that obesity should be understood solely as a result of individual choice.
Before reviewing Stunkard's use of twin and adoption studies to demonstrate the effects of both Bnature^and Bnurtureô n weight, we discuss the contemporary research on the relationship between SES and obesity, sex and racial-ethnic differences in the observed association, and contemporary issues in the measurement of SES-topics that continue to be both informed by, and extend, Stunkard's research.
SES and Obesity
Twenty-five years after Sobal and Stunkard's original review [27] , the association between obesity and SES remains an active area of research. Many findings from current research supports Sobal and Stunkard's early review of 144 studies: income and education are inversely associated with obesity risk among adult women in economically developed countries but inconsistently associated with obesity among men (Figs. 2 and 3 [29] , in a focused systematic review of the association between obesity and a single indicator of SES-education-also found the direction of the association to vary between countries by economic development and within countries by gender, with a negative association more likely to be observed among women in economically developed countries.
Stunkard was among the first to identity that the association between SES and obesity was more consistent among females than males; in fact, among men in developed countries, Stunkard observed that the relationship between SES and obesity was as likely to be negative as it was positive [27] . Stunkard's own research [9, 30] also suggested strong and consistent inverse relationships between SES and obesity among women but inconsistent relationships for men and children. Among children, 35 % of the originally reviewed studies found no association between SES and obesity among girls, and 41 % of reviewed studies found no association among boys. McLaren [28] and Cohen et al. [29] , in their consideration of the cultural and economic context in which SES may influence weight outcomes, directly trace their research back to Stunkard.
Although Stunkard identified nuances in the relationship between SES and obesity by economic development of a country, sex, and age, noted limitations of Stunkard's early observational work include (1) a reliance on cross-sectional data; (2) reliance upon weight or body mass index rather than more direct measures of adiposity; (3) a limited operationalization of SES; and (4) racial-ethnic differences in the association are little discussed.
Indeed, contemporary research has extended Stunkard's early research by examining the SES-obesity relationship between racial and ethnic groups. Some evidence suggests that among adult non-Hispanic black and Mexican-American men, income is positively associated with obesity [31] . Important racial-ethnic differences in the SES-obesity association also exist among children. Among all boys aged 2-19 years in the USA, prevalence of obesity among families with incomes at or above 350 % is 11.9 %, compared to a prevalence of 21.1 % among boys who live in households at or below 130 % of the poverty line. This average, however, obscures racial and ethnic differences: a significant trend of decreasing obesity with increasing income is only observed in nonHispanic whites, not Mexican-Americans or non-Hispanic blacks [32] . Among all girls aged 2-19 years in the USA, the pattern is similar: an overall trend of decreasing obesity prevalence with increasing income but with important racialethnic differences: the trend is significant among nonHispanic whites (12.0 % obesity prevalence in households at or below 130 % of the poverty line vs. 19.3 % obesity prevalence in households with incomes at or above 350 % of the poverty line) but insignificant among Mexican-Americans and non-Hispanic blacks [32] . A focus on the average association between income, education, and obesity prevalence belies another important fact of contemporary obesity prevalence in the USA: most obese children are not poor-62 % of children and adolescents who are obese live in households at or above 130 % of the poverty line [32] .
Increases in the prevalence of obesity since 1960 have been similar across educational, income, and racial-ethnic groups, leading Ljungvall and Zimmerman [33••, p . 109] to conclude that Bthe increase in body-mass index and obesity in the United States is a true epidemic, whose signal hallmark is to have [31] affected an entire society.^Hence, though income and education remain the most common measurements of SES in US research, trends in prevalence suggest that the relationship between SES and obesity risk extend far beyond standard indicators of SES, encouraging researchers to explore other indicators of social status.
Subjective Social Status and Social Mobility
Contemporary research on SES and obesity suggests that traditional indicators of SES (e.g., income, wealth, and education) are not the only SES measures associated with obesity risk. In particular, subjective social status (SSS) is predictive of a range of health outcomes, including obesity. SSS is defined by Davis [34, p. 154 ] Bas a person's belief about his location in a status order,^a belief that Bmay or may not be congruent with his objective status, the status accorded to him by others.^SSS is often more consistently and strongly associated with health outcomes relative to objective indicators of SES such as income, including sleep latency, heart rate, and body fat distribution [35, 36] . SSS is itself predicted by objective indicators of SES, including employment grade, education, and household income, suggesting that SSS may be a mediator between objective social conditions and health outcomes [37] . Recent evidence suggests that SSS is also influenced by physiological strength, functioning, and illness [38] . Adler et al. [39] found evidence that subjective social status was inversely related to the waist-to-hip ratio among adult white women, and among adolescents, subjective social status (within one's school) may be more strongly associated with being overweight than household income and parental education [40] .
While the causal direction of these associations is uncertain, there are theoretical reasons to suspect that SSS has a causal effect on weight. SSS may be an indicator of financial insecurity and desire for money, which is associated with increased consumption of palatable, energy-dense foods [41] . Overtime, individuals with low SSS may thus engage in diet-related behaviors that, over the long term, result in positive energy balance and weight gain.
In addition to the development of new measures of social status, recent research has extended the work of Stunkard via an examination of social mobility and the perception of social mobility on weight-related outcomes [42] [43] [44] . In the Midtown Manhattan study, Goldblatt et al. [9] observed that women who experienced downward social mobility had a higher prevalence of obesity (22 %) compared to those who experienced upward social mobility (12 %). In an English birth cohort, both men and women who experienced upward social mobility relative to their father's social class had a lower prevalence of obesity compared to those who remained in their father's social class [45] . Perception of social mobility may also influence future weight: among Mexican adolescents, anticipated social mobility was inversely associated with selfreported consumption of alcohol, self-reported junk food consumption, and soda consumption; perceived social mobility was positively associated with self-reported exercise. The creative operationalization of perceived social mobility by Ritterman Weintraub et al. [43] provides an innovative approach for future research on the relationship between social mobility and obesity.
An interesting set of observations connects the adiposity and social status relationship (both objective and perceived) to evolutionary thinking. First, humans are not the only animals among whom this relationship holds. It has also been observed among several different non-human primate [46] , bird [47] , and rodent [48] species. In some cases, the reason seems obvious. For example, in times of food scarcity, more dominant birds may raid the caches of lower-ranking birds and, therefore, when food appears scarce, lower-ranking birds increase their body fat reserves more than do higher-ranking birds [47] . When faced with environmental and social feedback which leads one to perceive that one's access to resources is insecure and that others are more powerful and may impede our access to future resources, it may be wise to store as much body energy for the future as possible; indeed, some have hypothesized that obesity is an adaptive response to food insufficiency [49] . Notably, economic insecurity is associated with obesity [50] , short-term vicarious social defeat has in controlled experiments been shown to lead to increased food intake [51] , and persons who state that they experience Bfood insecurity^ironically tend to be fatter than those who do not report food insecurity [52] , observations in line with the hypothesis that energy storage increases in response to the perception that resources are insecure or scarce. Notably, this line of thinking places the perception of one's social rank (as opposed to just one's material purchasing power) in a key hypothesized role in the causal connection between SES and adiposity.
Improving Causal Inferences About the Effects of SES
Despite advances in our understanding of sex and racial/ethnic differences in the SES-obesity relationship, and the possible influence of subjective social status and social mobility on obesity, the complex relationship between SES and obesity risk [11] continues to require research designs that can generate strong causal inferences about the relationship between SES and obesity. In a perfect world, one could randomly assign individuals to varying levels of SES status and measure differences in weight outcomes by treatment assignment group. To date, true random assignment of individuals to levels of SES has not been conducted. In one of the few examples of randomization to SES, albeit randomization to neighborhood SES, the Department of Housing and Urban Development's Moving to Opportunity Study provided evidence that moving from a high-poverty neighborhood to a low-poverty neighborhood caused lower odds of extreme obesity and having diabetes [53] .
Unfortunately, experiments such as the Moving to Opportunity Study [53] are rare, and in many cases randomization is not practical or ethical; thus, researchers must turn to other methods to reduce confounding beyond that of simple association designs. To advance the field beyond Stunkard's initial contributions, we must improve causal inference; yet, how do we overcome the challenges of random assignment and blinded treatment? Since Stunkard's original Midtown Manhattan study, several non-experimental methods have been used to test for causal effects of SES on weight, including the utilization of changes in mandatory school laws [54, 55, 56 •], sibling fixed-effect designs [57] , and timing of school entry [58] . Additional non-standard RCT designs such as packet randomization [59] , instrumental variable analysis [60] , and propensity score analysis [61] have also been developed and applied since Stunkard's original pure observational studies [9] .
Stunkard was well aware of the limitations of standard observational studies and sought new methods to test for causal effects of environmental exposure on adult weight outcomes and to compare the relative effects of environmental exposures to innate and genetic effects on weight. In one such study, conducted with one of the authors of this manuscript [62] , Stunkard and Allison analyzed two separate large adoption studies, one from Denmark and the other of Korean children adopted into American households, as forms of quasipacket-randomized experiments [59] . The aim of the study was to test the putative causal effects of the SES of one's rearing environment on obesity, with the key operating assumption that available adoptees are assigned to available homes in an Bas if random^fashion [63] . Following this assumption, if aspects of the assigned rearing environment are correlated with post-assignment outcomes, one can with reasonable confidence conclude that either that factor or some aspect of the rearing environment associated with that factor (but not factors related to the offspring prior to the assignment) has a causal influence on the outcome. Results indicated that despite the adoption datasets differing in many ways, shared genetic factors and direct environmental causation contribute about equally to the association between the SES of the rearing environment and offspring BMI.
Results from these and similar studies provide insight into one of the oldest philosophical debates within the social and psychological sciences-the nature versus nurture debate (a phrase coined by Francis Galton, the father of quantitative genetics); and Stunkard was among the first to address the matter with respect to body weight. At a time when conventional wisdom held that obesity was caused by individual's failure of willpower, Stunkard published two groundbreaking papers in the New England Journal of Medicine that offered a relatively novel perspective. The first paper, published in 1986, found that Danish adoptees' weight as adults was similar to that of their biological parents, but not at all to their adoptive parents [8] . The second study, published in 1990, found that Swedish identical twins, whether they were raised together or apart, had nearly identical BMIs [64] .
Both papers lent considerable support to the argument that nature exerted a greater influence on obesity than nurture. Stunkard's willingness to explore both environmental and non-environmental influences blazoned a path to subsequent and ongoing research. Stunkard conducted his research at a time when the tradition was to simply juxtapose the effects of nature and nurture, with researchers often estimating by how much nature and nurture contributed to a given outcome at some point in time. For example, drawing from results of twin studies, Stunkard estimated that 60-80 % of weight could be attributed to genetics [65] . Current obesity research and theorizing now considers the extent to which nature and nurture interact rather than compete with one another in contributing to obesity and how they do so over time, both in terms of individual level and societal level development [66] .
Conclusions
Dr. Stunkard had several signature characteristics that pervaded his social interactions and defined him as a special person and outstanding scholar. One characteristic was his insatiable thirst for new ideas, new methods, and new data. He was always asking questions, much like an intelligent but naïve child-child-like, but not childish. Second, he had an infectious enthusiasm, becoming visibly Bpumped up^as a scientific discussion took off. Third, he had a sincere humility and was comfortable playing the role of the wide-eyed Binquisitive student^even if the Bteacher^he was inquiring of was more than a half-century his junior. This thrill at learning new things, his ease of admitting a new idea to his thinking without encumbrance of past thinking, the willingness to Bplay one down^to, and learn from anyone were among his greatest strengths as a scientist and typify the BBeginner's Mind^he learned from his Zen master, Suzuki [67] .
Professor Stunkard was also a great inspirer of others. One of us (DBA) first met Dr. Stunkard circa 1989 when I was a graduate student, and Dr. Stunkard was already a renowned senior professor at the pinnacle of our field (Fig. 4 ). Yet, he sat with me one-on-one for an hour at a conference, enthralling me with his stories and insights, encouraging me to share my ideas and responding with enthusiasm. After our first meeting, we would meet at conferences year after year and he would always ask me about my work, ask my opinion about his own work, propose collaborations, and encourage me and express enthusiasm for my projects. I can still vividly recall when, in one of our meetings at a conference while I was an early postdoctoral fellow, I told him about some good results I had obtained using his Three-Factor Eating Questionnaire [68] . He grinned from ear to hear, pumped his fist triumphantly in the air, and shouted BKeep Going!^Throughout my career, I can think of no single moment which more inspired me than to have the great Mickey Stunkard cheer me on. Through his enthusiasm for learning and mentoring of me and many others, he answered the following question, posed by Drew Faust, current Harvard president:
How do we-we who have devoted our lives to scholarship and teaching-how do we affirm and transmit the value-and the excitement-of learning for its own sake to our students in a world that increasingly urges them to think of their education in instrumental terms, urges them to focus on narrowly defined achievements and material outcomes? [69] .
Mickey's generosity with young scholars is legendary, and I was but one of many beneficiaries (Fig. 5) . He was not only a great scientist, but he was a great man, and he is dearly missed.
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